This is the pdf of a Cauchy distribution with scale parameter γ/2; in spectroscopy γ 88 is called the peak-width at half-height (or sometimes the linewidth).
89
Each spectral peak corresponds to magnetic nuclei resonating at a particular fre- in Bretthorst (1990a ), in Bretthorst (1990b , in many subsequent papers by the same 178 author, in Dou and Hodgson (1996) and in Rubtsov and Griffin (2007 inherently positive quantities, some components of y are likely to fall below the δ-axis.
226
y is usually standardized in some way, for example so that n i y i = 1.
227
We model y|x assuming the y i |x are independent normal random variables and, 
(The value of M will depend on the scientific problem, it is likely to be of order 10 linear combination of a set of multiplet curves g mu ,
where u is an index running over all the multiplets belonging to metabolite m. We relaxation effects (Hore 1995) . In these cases z mu must be interpreted as an 'effective' 261 proton contribution). To be precise, a multiplet curve g mu is the weighted average of V mu translated Lorentzian curves (see eqn.
(1)),
where the weights w muv (which sum to one over v) determine the relative heights of 
The Likelihood

283
We now bring together the models for φ and ξ to make a formal specification of the probability model for the data. It is easier to do this in the wavelet domain, because the dimension of the wavelet space p often needs to be greater than the dimension of the data space n, to deal with distortion at the spectral borders (see Strang and Nguyen (1996) and Section 1 of the supplementary material.) Let W be the wavelet transform corresponding to the symlet-6 wavelet basis. The likelihood, is defined by
where T is the n × M matrix with t m (x i ) as its (i, m)th entry, I p is the p × p identity 284 matrix and where λ is a scalar precision parameter.
285
Equation (6) β, θ and λ; we now specify priors for these parameters.
294
Prior for the peak-width: Our focus is on spectra generated by biofluids such as cell 295 supernatants or urine, for which peak-widths vary between, but negligibly within 296 spectra; it is therefore reasonable to assume that peaks within a spectrum depend on 297 a single common peak-width parameter γ. Our prior for γ is a log-normal distribution,
298
with Median(γ) = 1Hz/F , Var(γ) = 4.6Hz 2 /F 2 where F is the operating frequency 299 of the spectrometer in MHz. This prior gives good support to a broad region around 300 1Hz/F , typical of the peak-widths generated by modern spectrometers (Hore 1995) .
301
(With this prior, it is easy to relax the assumption of a common peak-width, since 302 local deviations at the metabolite, multiplet, or peak level can be modelled using
303
Gaussian random effects on log(γ).) 
The index jk here corresponds to the kth wavelet in the jth wavelet-scaling level.
344
The following lemma is proved in the supplementary material
345
Lemma 1 Normalization of (7) defines a joint prior for (θ, ψ, τ , λ). This prior is 346
proper.
347
The joint prior specified by (7) was motivated by consideration of a scale mixture 348 of multivariate normals with smoothed truncation limits:
13
where C ψτ λ is a normalizing constant. The index i here corresponds to the ith 350 spectral data point. In this specification, ψ allows the prior precision associated The joint distribution specified by (8)- (10) by the full conditional of θ,
which has a similar distribution but with a reduced precision. Unfortunately we extended the model by adding random effects to allow for some (small) inter-502 metabolite variability in the peak-width.
503
We applied the (single chain version of the) MCMC algorithm for the extended 504 model to each simulated spectrum, running for 5 000 iterations with a 3000 iteration 505 burn in. 
Quantification
513
We compared our Bayesian method for quantification to the following algorithm for 514 numerical integration, which is slightly more sophisticated than conventional spectral 515 binning because it includes a peak identification step. 
The plots in Figure 7 show the actual vs. estimated concentrations for estimates Table 1 . There is no evidence of a major trend in the quality of peak 543 assignment or concentration estimation with the magnitude of multiplet perturbation.
544
[ To illustrate the performance of our method on a real dataset, we took three spectra 
549
The spectra were generated using biological replicates prepared under the same con-550 ditions. Consequently, the metabolic profiles of the samples are extremely similar 551 and the spectra contain essentially the same metabolite concentration information.
552
Nevertheless, the spectra are slightly different, because for example, of experiment three spectra jointly we can quantify metabolites using information from all three 555 replicates, while accounting for these experiment level differences.
556
We used the model described in Section 2 as a basis for a joint model of multiple 557 spectra. In the new model, the vector of metabolite quantification parameters β is 558 held in common across the spectra. All the remaining parameters are copied from 559 the original model, with a replicate set assigned to each spectrum. The MCMC 560 algorithm for the multiple-spectra model is very similar to the procedure described which we cannot easily include in our model because they are neither described by 573 a known parametric model nor cataloged in a public database. However, distorted 574 multiplets are still convolutions of Lorentzian peaks, so it is sometimes possible to 575 construct a template-based model by estimating the weights and translations of (5) 576 from an NMR spectrum of the relevant pure compound generated under similar ex-577 perimental conditions. We were able to construct a parametric signature template omitted resonance signals will be absorbed into the wavelet component of the model.
584
Nevertheless, our main aim is to obtain accurate concentration estimates and this 585 is still achievable, providing at least one multiplet from each metabolite deconvolves 586 correctly.
587
We ran the MCMC procedure, with 8 parallel chains tempered on a ladder, for 588 20 000 iterations following a 10 000 iteration burn in. error, even when exact multiplet locations are given to the numerical integration 650 algorithm.
651
We are able to fit M = 20 metabolites to an n = 3 000 datapoint spectrum in 652 about 60 minutes on a 2.2GHz desktop machine using less than 0.5GB of RAM when 
